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(54) Rotolining process 

(57) A rotolining process is disclosed with permits 
the production of thick, smooth, bubble-free fluoropoly- 
mer liners over a broad temperature range with a single 
charge of polymer. 
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Description 

FIELD OF THF INVENTION 

[0001] This invention is in the field of rotolining with melt processible fluoropolymers. 
BACKGROUND OF THE INVFNTION 

[0002J Fluoropolymers such as tetraf luoroethylene/perf luoro(alkyl vinyl ether) (PFA) tetraf luoroethylene/hexaf luor 
ZZ ooiit oTi UOr °t * ene/eth * ene < ETFE >- a " d »he like, exhibit me., flow at a J^SS^SS^SL 
TZSLST ? P ymer SUCh P °' ymerS are desi 9 nated "ere as "me., processible" andare extens vely uS^ 
Zli 2 11 ST 8 mat6rialS that Pr0dUCe COatings with minimal P inho,es or «** Melt procesSle fSpofy^ 
ZLTnST Po'ytetraf.uoroethy.ene (PTFE), the homopo.ymer o, tetraf.uoroethylene thaHs lESSST? 

ITS „ F,uor ° pol3 f mer ^""Qs are useful as linings for pipes and vessels, providing them with corrosion resistance 
non-st.ck.ness. abrasion resistance, and chemical resistance. In addition, being made of , luoropolymeTs toe S are 

^,3,^.^ TT*" ran9e ' Traditi0na ' mSanS ° f apP ' yin9 C ° atingS inc,ude PowderUing shining 

aSiS is aboJ uo' TfST ^ ? t0 ' inin9 ,n 0356 ° f 0°™*" C ° atin 9' the thi <*"*S tha can be 

aPP T ! S about \°° ^ m ,f thlcker ^'"Ss are attempted, gas bubbles are often entrapped. These bubbles constitute 
defects .n the coating, contributing to surface roughness and to actual or potential ,hin spots or p^hoS , HoSS for 

^ZTT T T C !' t 1 "" 19 thiCkn6SS ° f 500 ,im ° r 9r6ater is desirable Theref ^. ^s been necessa^fo mate 
multiple applications to build up to the desired thickness. '«<-*«»s>ary IO maws 

E5S? k ^llT 9 iS 8,1 atternative method <^ aPP'ying a coating. In sheet lining, a 2to 3 mm thick film of PFA or 

mee i s Tj^SZv* ""^ t0 SUbStr3te Wi,h adheS ' ve ' and ^ S?J£5£ fZ 
meet is sealed or welded. Sheet l.n.ng gives coatings of the necessary thickness, bu, useful temperature rano* of th* 

Sots? ,s t s of the H dhesive - wNch is 9enera,,y iess than usefui tem p— -^SeZsxsr 

»h . ? " 9 m ° d,n9 Pr ° CeSS meH P rocessible PO*™* in Powder form is added to the article to be feed' 

unHorL, 1 38 " " r0tated ar ° und at ,east ^ rotetional axes - Nation distributes the me^ng pcCer 

JS^^JS^ 0 ? ° , t l he r hd,0W ar,ide resulting in a c ° a «"9 of uniform thickness ^ the a Se 
causes the polymer to solidify, fixing the lining to the surface of the article 

thS buUhP nr!C? aPP ' ieC ! ' princi P al| y to low me,t vi scosity resins such as polyethylene, polypropylene or 
the like, but the process has begun to be applied to fluoropolymers in order to make use of their excellent oVLTrti'JT 

forrJ^F 6 " 0 " h °T er ' f ° r SUbStantia ' bubb ' e ,0rmati ° n as the fi,m ^onJ^^Z^SS^S; 

mSZ i^ToZnTr^™* 0 " ° 778 088 **■ WhiCh rep0rtS 938 deformation in toe 
as applied to fluoropolymers. This is overcome only by high rotation speeds, that is. high radial acceleration and oner 

[0007] A rotolining process is needed that permits toe formation, with a single application of f luoropolvmer oowder 

tT:Zs^:L a \^T 500 T thick ™ s linin9 should be substant ^ ,ly ' ee of 

Sl to faCi ' i,a,e ,IOW " P — **"» by "« - ^ on surtace imperfec- 
SUMMARY OF THF INVENTION 

45 [0008] A rotolining process which comprises placing a powder having an average particle size of 70-1000 urn con 
lTuntr m l Pr °r" ib n ,,U ° r0Pdymer ' " 9 Cylindr,Ca ' artide t0 be lined - ^id powder Mng^TsZZt 
™Ts££ to becoJSt i nn°° P* r ° ,atin9 Said artide to bring the radial adoration at Te sub 

th? 6 , f ° °° 01/560 ° r 9reater - pressin 9 P° wder against the article to be lined by means of 

the centnfuga force generated by that rotation, at toe same time heating the melt processible fluoroDolmer to a tern 

ZrT T* T hi9her *• mS,tin9 **« ° f the melt P rocessi ' le Copolymer, but SSS to^OO-C 
rSE? nn9 * 6 m6,t processible ""oropolymer to the surface of the article tobe lined 

!m?!L-H, ^, pre,err f d embodiment of the invention is a rotolining process comprising forming a first layer of a mel, 
Fh^Z ^oropolymer powder composition containing a filler on the substratesurface of the articJto be lineJ Tni 
then overlaying a second layer of filler-free me., processible f luoropolymer powder on toe surface of said fSt S'r 

DETAILED DFRORIP TION OF THE INVENTION 

[0010] The melt processible fluoropolymers of this invention include the copolymers tetrafluoroethylene/per- 
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fluoro(alkyl vinyl ether) (PFA) tetrafluoroethylene/hexafluoropropylene (FEP), and tetrafluoroethylene/ethylene (ETFE). 
Among the melt processible f luoropolymers, PFA, is preferred because of its thermal stability and chemical resistance. 
The PFA preferably has a specific melt viscosity at 372°C in the range of 5- 10 3 to 1 • 10 6 poise (of 5 • 10 2 to 1 • 10 5 
Pa • s). If the specific melt viscosity is lower than 5 • 10 3 poise (5 • 1 0 2 Pa • s), the resin will have inferior thermal stability 

5 and resistance to stress cracking, making it an unsatisfactory lining material. If the specific viscosity exceeds 1 • 10 6 
poise (1 • 1 0 5 Pa • s) removal of gas bubbles will be retarded, particularly when the f luoropolymer is used with a filler. 
[001 1 ] The average particle size of the powder used in this invention is 70-1 000 ^m, preferably 1 00-500 pm. A pow- 
der with an avenge particle size less than 70 will usually cause the powder particles to agglomerate before film for- 
mation begins. This results in large secondary particles, which will produce film with a rough surface. A powder with an 

w average particle size greater than 1000 ^m will reduce film forming capability, resulting in a poor surface smoothness. 
[0012] The rotational rate used in rotolining according to this invention need only be enough to force the f luoropol- 
ymer powder against surface to be coated and to prevent its moving while the f luoropolymer is melting and the film is 
being formed. As shown in the Examples, for lining a tube 81 mm in inner diameter, 500 rpm is adequate. This corre- 
sponds to a circumferential speed of about 2 m/sec, or, to state this in terms independent of the diameter of the article 

is to be coated, a radial acceleration of about 100 m/sec 2 . A radial acceleration of 200 m/sec 2 is preferable. As regards 
the coating, there is no upper limit to the radial acceleration, although mechanical stress on the equipment used and 
economic considerations impose practical limitations. 

[001 3J It is sometimes desirable to incorporate a filler in the f luoropolymer powder used in this invention so that the 
coating will have a thermal shrinkage as close to that of the substrate as possible. This will to prevent differential shrink- 
20 age when the article is cooled after coating. Therefore, if a filler is compounded with the fluoropolymer for the object of 
reducing shrinkage, it is preferred to use a heat resistant filler that has at least lower thermal shrinkage than that of the 
fluoropolymer. A glass fiber filler is particularly effective for reducing the shrinkage. 

[0014] Adding a small amount of a heat stabilizer such as PPS (polyphenylene sulfide) to prevent the decomposi- 
tion of the fluoropolymer on heating can give an excellent coating with minimal bubble formation. These additives may 
25 include combinations; for example, as proposed in Japanese Patent 2550254, the use of a melt processible fluoropol- 
ymer powder composition is preferred in which a small amount of heat stabilizer PPS is added and uniformly incorpo- 
rated within the melt processible fluoropolymer particles, along with the heat resistant filler. 

[0015] Despite the benefits of addition of heat resistant filler to the fluoropolymer, for corrosive service, or where 
maintenance or high purity of the materials contacting the liner, filler-free fluoropolymer should be used. The benefits 
30 the filler and of a filler-free surface on the liner can be achieved by applying firstly a fluoropolymer powder that contains 
a filler, heating and rotating to form the coating, cooling, and then applying secondly a filler-free fluoropolymer powder, 
heating and rotating to form a filler-free coating overlaying the filler-containing coating. 

[0016] For optimum surface smoothness, it is beneficial if the temperature of the process does not exceed 343°C 
and that the radial acceleration be at least 100 m/sec 2 . 

35 [001 7] Another approach to excellent surface smoothness on the coating is through use of a blend of poiytetraf luor- 
oethylene having a heat of crystallization of at least 305°C and heat of crystallization of at least 50 J/g with the melt 
processible fluoropolymer powder. The use of such polytetrafluoroethylene in extrusion is known, as disclosed for 
example in U.S. Patent 5,473,018. However it is a surprising aspect of this invention that with such a blend, the rotolin- 
ing temperature can be selected from any temperature equal to or higher than the melting point of the polymer, up to 

40 400°C. The amount of the above polytetrafluoroethylene to be compounded with the melt processible fluoropolymer 
should be less than 4% by weight with respect to the total weight of the fluoropolymer, but should be enough to cause 
the generated film to have a recrystallized avenge spherulite diameter of not more than 15 ^im in preferred embodi- 
ments. 

[0018] It is further preferred for improved adhesion with the substrate to treat the substrate with a primer before 
45 placing the melt processible f luoropolymer-containing powder composition onto the article to be lined, as shown in the 
Examples. 

EXAMPLES 

so [0019] The type of the fluoropolymer powder, the tubes coated, the lining process, and the test coating formation 
procedure used in these examples are described below. 
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1 . Hot meltable f luoropolymer 

(1) Filler-free PFA 
5 [0020] 

"PFA9738-J" (Mitsui-DuPont Fluorochemicals KK) 

(2) Filler-loaded PFA 

10 

[0021] 

"PFA4501-J" (Mitsui-DuPont Fluorochemicals KK), which is 
"PFA345-J" compounded with 25 wt % of glass fiber and 1 wt % of PPS. 

75 

2. Test coating formation procedure 

[0022] The substrates were lined by the following method: 

20 (1) Tube to be lined: #60 alumina sand blasted 3B black iron tube (89 mm outer diameter x 81 mm inner diameter 
x 1 50 mm long) 

(2) Roto-molding machine: manufactured by Tabata Kikai Kogyo, "Rotolining mold machine" 

(3) Powder composition weight: 100-200 g 

25 3. Evaluation of lining film 

(a) Film formation properties and surface smoothness 

[0023] The lined tube was allowed to cool to room temperature and the film formation properties and surface 
30 smoothness of the lined film were visually classified into one of 3 grades: O is the highest grade; a is the second grade 
and is less good than the highest grade; X is the lowest grade and may be said to be describe a poor coating. 

(b) Resistance to bubble formation 

35 [0024] The lined coating was sliced by a cutter and the number of gas bubbles was counted across a cross-section 
(50 mm long). 

O: number of bubbles seen: 0 
a: number of bubbles seen: 1 -5 
40 X: number of bubbles seen: 6 or more 

(c) Spherulite size 

[0025] The diameters of 200 continuous spherulites observed on the sample surface were measured with an opti- 
45 cal microscope (at magnifications of 100X and 400X). Spherulite structure was confirmed by polarized light Since 
spherulites collide with adjacent spherulites and are observed as distorted polyhedrons, their major axis length was 
taken to be their diameter. For samples having spherulite diameters of not more than 5 nm, a scanning electron micro- 
scope (magnifications of 3,000X and 5.000X) was used to measure the spherulite diameter. 

so Examples 1-4 

[0026] Cylindrical 3B black tubes described were used as tube samples to be lined. They were subjected to a roto- 
lining for 3 hours using a filler-loaded PFA (Mitsui DuPont Fluorochemicals, "PFA 4501 -J", powder with an avenge par- 
ticle size 300 urn) at a rate of revolution of 500 rpm (circumferential rate at the substrate surface 2.12 m/sec, radial 
55 acceleration of 1 1 1 m/sec 2 ) at the molding temperature shown in Table 1 . The resistance to bubble formation and sur- 
face smoothness of the resultant lined tubes were evaluated. The results are summarized in Table 1. 
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Examples 5-7 

[0027] Conditions were the same as in Examples 1 -4 except that rotation was at 700 rpm (equivalent to a circum- 
ferential rate at the substrate surface of 2.97 rn/sec, or a radial acceleration of 218 m/sec 2 ). The results are summarized 
5 in Table 1. 

Comparative Examples 1-2 

[0028] Comparative Examples 1-2 are similar to Examples 1 -2 except that the rotation rate is reduced to 300 rpm 
w (circumferential rate at the substrate surface of 1 .27 m/sec, a radial acceleration of 40 m/sec 2 ). The resistance to bubble 
formation and surface smoothness of the lined tubes were evaluated. The results are summarized in Table 1 . 

Comparative Examples 3-5 

15 [0029] Rotolining operations were carried out for 3 hours using a PFA (TFA 4501 -J" powder containing a filler with 
an average particle size of 50 ^im at 300, 500, or 700 rpm and a molding temperature of 360°C. The resistance to bub- 
ble formation and surface smoothness of the resultant lined tubes were evaluated. The results are summarized in Table 
1. 

20 Comparative Examples 6-8 

[0030] Rotolining operations were carried out for 3 hours using a PFA ("PFA 4501 -J" powder containing a filler with 
an average particle size of 1050 urn at 300, 500, or 700 rpm and a molding temperature of 360°C. The resistance to 
bubble formation and surface smoothness of the resultant lined tubes were evaluated. The results are summarized in 
25 Table 1 . 

Examples 8-9 

[0031] Rotolining operations were carried out for 3 hours using a filler-free PFA ("PFA 9738-J") powder with an 
30 average particle size of 350 at 500 and 700 rpm and a molding temperature of 327°C. The resistance to bubble for- 
mation and surface smoothness of the resultant lined tubes were evaluated; in addition, the average and maximum sur- 
face roughness, spherulite size, tensile strength, elongation, and specific weight were measured for the Example 8 
lined tube. The results are summarized in Table 2. 

35 Example 10 

[0032] Example 10 was done in a manner similar to that of Example 9 except that the molding temperature was 
360°C. The lined tubes were evaluated for resistance to bubble formation and for surface smoothness; in addition, the 
average and maximum surface roughness, and spherulite size were measured. The results are summarized in Table 2. 
40 Note the higher temperature of this Example leads to a greater spherulite size and surface roughness than are seen in 
Example 8, in which the temperature was lower. 

Example 11 

45 [0033] Example 1 1 was done in a manner similar to Example 10 with the addition of 0.5 wt% (based on the weight 
of PFA 9738-J used) of Zonyl® TLP-10F-1 (a polytetralluoroethylene polymer having a temperature of crystallization of 
at least 305°C and heat of crystallization of at least 50 J/g; a product of Mitsui-DuPont Fluorochemicals KK, Japan). The 
results are summarized in Table 2. Note the beneficial effect of the added Teflon® TLP-10F-1 on spherulite size and 
surface roughness. 

50 

Comparative Examples 9-1 1 

[0034] Rotolining was carried out for 3 hours using a filler-free PFA "PFA 9738-J" having an average particle size 
of 350 urn at the molding temperatures shown in Table 2 at 300 rpm (circumferential rate at the substrate surface, 1 .27 
55 m/sec, radial acceleration of 40 m/sec 2 ). The resistance to bubble formation and the surface smoothness of the result- 
ant lined tubes was evaluated and the average surface roughness, spherulite size, tensile strength, elongation, and 
specific weight were measured on the liner from Comparative Example 9. The results are summarized in Table 2. Note 
that the surface roughness and spherulite size are greater than is seen in Example 8, for which the radial acceleration 



5 



nMQnnrin- ^pd irwiw4A9 i •> 



EP 1 031 384 A2 



was greater. 

Comparative Examples 12-13 

[0035] Rotolining was carried out at 500 rpm and a molding temperature of 327°C using a filler-free PFA ("PFA 
9738-J") powder having an average particle size of 50 jim or 1050 urn. The resistance to bubble formation and surface 
smoothness of the resultant lined tubes were evaluated. The results are summarized in Table 2. 

Example 12 

[0036] A filler-free PFA powder was used for lining the top surface of a filler-loaded PFA coated layer on a primer- 
treated tube. The steps in this example were: 

(1) Primer treatment 

[0037] Primer "850-314" (DuPont Company) was coated to a thickness of 7-10 urn into the interior surface of a sin- 
gle tube, followed by heating for 1 hour at 400°C. 

(2) Filler-loaded PFA lining 

[0038] Rotolining was carried out at 700 rpm and a molding temperature of 360°C for 5 hours using 200 g of filler- 
loaded PFA ("PFA 4501 -J") of an average particle size 300 ^m, after which the product was allowed to cool The prop- 
erties of the surface were measured and the results are summarized in Table 3. 

25 (3) Filler-free PFA lining 

[0039] Rotolining of the tube from Step (2) was carried out using 100 g of a filler-free PFA ("PFA 9738-J") powder 
of an average particle size 350 urn. Rotolining was done for 3 hours at 700 rpm and a molding temperature of 327°C 
thereby generating a combined 3-layer lining, including the primer treated layer. The physical properties of the surface 
30 were measured and the results are summarized in Table 3. 

[0040] Durability testing was done on the 3-layer lined film and the results reported below. 

Test machine: Besthel ATT-2R Heat impact tester 

Test condition: Expose sample to -30°C for 2hr, then heat to 260°C and hold for 2hr; repeat for a total of 30 times 
35 Result: lined film did not peel 
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Claims 

1 . A rotolining process which comprises 

5 placing a powder having an average particle size of 70-1000 urn containing a melt processible fluoropolymer, 

in a cylindrical article to be lined, said powder being present in sufficient amount to make a lining at least 500 
nm thick, 

rotating said cylindrical article to bring the radial acceleration at the substrate surface to be coated to 100 
m/sec 2 or greater, 

10 pressing said powder against the article to be lined by means of the centrifugal force generated by that rotation, 

at the same time heating the melt processible fluoropolymer to a temperature equal to or higher than its melting 
point, but not higher than 400°C, 

thereby adhering the melt processible fluoropolymer to the surface of the article to be lined. 

is 2. The rotolining process of claim 1 wherein the melt processible fluoropolymer is a tetraf luoroethylene/perf luoro(alkyl 
vinyl ether) copolymer. 

3. The rotolining process of claim 11 wherein the melt processible fluoropolymer is a tetrafluoroethylene/per- 
f luoro(alkyl vinyl ether) resin powder composition obtained by blending in a polytetrafluoroethylene polymer having 

20 a temperature of crystallization of at least 305°C and heat of crystallization of at least 50 J/g in an amount of less 

than 4% by weight with respect to the total fluoropolymer. 

4. The rotolining process of claim 1 wherein the temperature is not higher than 343°C. 
25 5. The rotolining process of claim 1 wherein the radial acceleration is 200 m/sec 2 . 

6. The rotolining process of claim 1 or claim 2. further comprising forming a lined layer of a melt processible fluoropol- 
ymer powder composition containing a filler on the substrate surface of the article to be lined, and then overlaying 
a filler-free melt processible fluoropolymer lined layer as the outermost layer on top of the surface of said lined layer. 

30 

7. The rotolining process of claim 6 wherein a primer is first applied to the surface of the article to be lined. 

8. The rotolining process of claim 6 wherein the lining of the outermost layer is carried out at a temperature equal to 
or higher than the melting point of the melt processible fluoropolymer, but not higher than 343°C. 

35 

9. The rotolining process of claim 6, further comprising generating the outermost layer from a tetrafluoroethylene/per- 
f!uoro(alkyl vinyl ether) resin powder composition obtained by blending in a polytetrafluoroethylene polymer having 
a temperature of crystallization of at least 305°C and heat of crystallization of at least 50 J/g in an amount of less 
than 4% by weight with respect to the total fluoropolymer, in such an amount that the surface of said outermost 

40 layer has a recrystallized average spherulite diameter of not more than 15 um. 
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